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Introduction
Typhoid fever, the enteric fever caused bv the bacterium Salmonella typhi, continues to pose an important public health problem in many developing countries including Malaysia. The endemicity of typhoid fever in the developing iountries of the Third World has been exacerbated by antibiotic-resistance, increased incidence among HIV-infected individuals. and tlre large scale movement of migrant workers from high incidence regions. Monitoring the spread and movement S. tVphistrains will reouire an effective surveillance system based on the abilitv to discriminate individual isolates, Classical methods of strain analysis, including phage typing, serotyping and plasmid profiles have their limitations with regards to practicability and discriminating capacity, and there has thus been an incieasing interest.in molecular typing methods, including pulsed-field gel electrophoresis, /5200 profiling, and ribotyping. Although the value and sensitivity of ribotyping or rDNA gene restriction patterns analysis has been shown in several previous studies (Pang et al.,1992 , Fica et a\.,1996 , there is a need to apply and evaluate this method more extensively with more strains in different endemic regions. More importantly, information on molecular types collected from various typhoid-endemic areas may eventually form the basis of an epidemiological surveillance system. We report here the use of ribotyping to analyze isolates ol S. typhi obtained from outbreak and sporadic cases of typhoid fever in Malaysia in [1987] [1988] [1989] [1990] .
Materials and Methods
Bacteriaf isolates: lsolates ol S. typhi from either the blood or stools of humans were used in the present study. The organisms were isolated, maintained and identified by standard procedures. Ten isolates were obtained from two well-documented outbreaks in northern parts of Malaysia between l9g7 and 1990. In addition, nine isolates from sporadic cases of typhoid fever were obtained during the same time period and in approximately the same geographical locations. Vi phage typing of the isolates was performed by standard procedures by the Salmonella Reference Centre at the Institute for Medical Research, Kuala Lumpur. Susceptibility to antibiotics was determined by standard disk_ diffusion procedures (NCCLS,1gg5l. The plasmid content was atso determined by the alkaline lysis method of Birnboim and Dolv (1 9791.
Ribosomal gene restriction analysis: Ribotyping (rDNA typing) of these is_olates was performed as previously described Altwegg et a/. (1989) . Briefly, genomic DNA was digested with restriction endonucleases, Psrl and Smal (New England Biolabs, Beverly, MA, USA), electrophoresed on 1o/o agarose gel in Tris-acetate buffer (0,04M Tris acetate, 0.02M EDTA) and stained in ethidium bromide (lpglmg) for 20 minutes. Gels were then photographed and blotted onto a nitrocellulose membrane according to standard procedure (Maniatis et,al., 19821 . The membrane wai then probed with plasmid pKK353b (containing one copy each of the genes coding for 55, 165, 23S and IRNA from E.colil as described previously (Altwegg etal., 1989) , Each ribotype was assigned an arbi_trary pattern type and compared by calculating a -Dice o, similarity coefficient using the following formula: F= 2n,v/(n, + nJ,.where n, is the total number of DNA bands from isotat'b 4 n, is the total number of DNA bands from isolate y, and n,, is thd total number of DNA bands that were identical in the two iiolates. lsolates were considered to be genetically similar or identical if there was complete concordance of the DNA band profiles and were considered different, for the purpose of pattern companson only, if there was a difference of one or more DNA bands. Using this method, an F value of .|.0 indicates identical patterns and an F value of 0 suggests complete dissimilarity.
Results and Discussion A totaf of 19 human isolates ot S. typhilromeither blood or feces were used in this study: b isolates were obtained during an outbreak on Penang lsland in 1987, 5 from Alor Setar outbreak in 1990 and 9 were isolates from sporadic cases of typhoid fever during the same time period. All the isolates were sensitive to ampicillin, chloramphenicol, kanamycin, streptomycin, spectinomycin, trimethoprim, sulfonamides, gentamicin, neomycin, carbenicillin, cephalothin, nalidixic acid, cephalothin, co_ trimoxazole and tetracycline. No plasmid was detected. Among the 19 isolates studied, three different phage types were detected. lsolates from the penang outbreak weie phage type D1, those from the Alor Setar outbreak were phage type E1 and the sporadic isolates consisted of phage types Di tei, a tf t, ef ltt and 3_isolates were untypeable (Tabte .l l, After digestion with Smal (Fig-1A) , a single rDNA pattern was detected among the s isolates from'the Alor Setar outbreak (pattern B) and two, very similar pattern ( A and A,, F = 0,9) were present among the b isolate_s from the Penang outbreak. (Table 1 ). In contrast, digestion with Psrl ( Fig. 1Bl produced (Table 11 . Five different patterns were seen among the 9 sporadic isolates (A, A,, 8,8 ., C) with Smal and seven patterns (F,G,H,B,l,J,L) wittr psrl (Table 1) . Of these seven patterns associated with psfl except for three isolates with pattern K, each of the isolates was associated with a unique ribotype (F= 0.3-0.91). Overall, 14 different ribotypes were detected among the 1g isolates analyzed (Table 11 , One of the sporadic isolates (#2811 showed identical banding patterns to one of the outbreak (#10b4) by both restriction endonucleases (combined ribotype 2) ( Table 1 ). There was no correlation observed between phage types and ribotypes. Ribotyping has been applied to both sporadic and outbreak of S. t-yphi strains from ltaly (Natasi er at. 19911, Chile lFica et at., 19961 and Spain (Novarro eral., 1996) . However, there is a clear paucity of ribotyping data from strains isolated in Southeast Asia, one of the major endemic regions. Given the genetic diversity oi
